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INTRODUCTION
One-dimensional (1-D) metal oxide nanostructures have received lot of interest due to its novel behaviors in nanotechnology and shows great potential applications. Thus, intensive study has been carried out to reveal and explore the novel properties. One of the ways to explore the morphology of the nanostructures is via the synthesis methods. Shen et al. [1] summarized several growth methods for 1-D metal oxide nanostructures under bottomup approaches. Among them, zinc oxide (ZnO) nanowires can grow via vapor-solid, vapor-liquid-solid and templatefree solution method [2] [3] [4] . CuO can grow as nanowires via thermal oxidation or solution method [5] [6] and the formation of nanowires using TiO 2 can be done using hydrothermal or vapor-solid method [7] [8] . Zinc oxide is one of the materials that are receiving much attention due to its many electrical, optical and piezoelectric properties, thus making ZnO as one of the prominent semiconductors in the metal oxide family. [9] . ZnO has a direct band gap of 3.37 eV at room temperature with large excitation binding energy of 60 meV. Over the past years, ZnO nanostructures grown on Si-based substrates received a lot of interest due to its advantages [10] . Comparison was made on the deposition of ZnO nanostructures on several substrates such as aluminum and glass [11] [12] .
The field emission (FE) property or well known as Fowler-Nordheim tunneling occurs in the presence of high electric field, allowing electrons to pass from an emitting material to the anode. Metal oxides emitters are more stable in harsh environment and easy to control the electrical properties when compare to carbon nanotubes based emitters. Several studies have shown the importance of FE properties of ZnO nanostructures since it was first reported by Lee in 2002 [13] . In this paper, the most common method; carbo-thermal Chemical Vapor Deposition method (CVD) has been used as premier method. The effects of temperature and gold coated on substrates morphology and FE characteristics of deposited ZnO nanostructures are investigated.
MATERIALS AND METHODS
ZnO nanostructures were synthesized using carbothermal Chemical Vapor Deposition method. N-type Si (100) substrates were cut into 1cm x 1cm and cleaned ultrasonically with acetone for 15 minutes. Then, it was dipped into hydrofluoric acid for 15 minutes to remove the oxide layer. The substrates were rinsed with running distilled water and dried in air. The cleaned substrates were coated with thin layer of gold in a dc sputtering for 30 s. Horizontal tube furnace with maximum temperature of 1200 o C was used to accomplish the synthesis process. The synthesis of zinc oxide nanostructures constitutes of zinc oxide (ZnO) of 99.99% purity and graphite powder with 1:1 mass ratio. The mixture was kept in a porcelain boat (2cm of diameter and 8 cm long). The prepared source and substrate were loaded in the middle of horizontal tube furnace. Other parameters were set as follows; the furnace temperature was set at 950 o C, 1000 o C and 1050 o C, the dwelling time at 90 minutes (1.5 hours) and in each experiment trial, the substrates were placed 2 cm apart from the source. The argon gas was purged into the tube throughout the heating, synthesis and cooling. After cooling down at room temperature, a thin layer of gray color was found on the surface of the substrate. The surface morphology of the nanostructures was characterized using a Field Emission Scanning Electron Microscope (FESEM, Quanta 200F) equipped with an Energy Dispersive X-ray spectrometer (EDX, Quanta 200F). The crystalline characteristics of formed nanostructures were studied by Xray diffraction (XRD, Siemens D-5000). The field emission properties were measured at about 1x10 -5 mbar in a parallel electrode arrangement. Kim et al. [15] and K. Al-Azri et al. [14] have also reported the effect of temperature on the morphology of ZnO nanostructures. A representative XRD spectrum of these nanostructures deposited at different sources temperature is shown in Figure 3 . The XRD peaks can be assigned at (100), (002), (101), (102), (110), (103) and (112) hexagonal wurtzite structure of ZnO with cell parameter of a=b=3.249 Å, and c=5.206Å [16] . All peaks at different temperatures look alike. This indicates the nanostructures for all substrates not only had similar morphology but also had similar crystal structure. The strongest peak in XRD pattern occurs at (101) at 950 o C. Inspired by the previous FE studies from various ZnO nanowires, this paper focused on the field electron emission properties of ZnO nanowires on the gold-coated silicon substrate when there are variations of temperature on the synthesis process. Figure 4 plots the respective J-E behaviors in the field emission of all samples. Inset is the corresponding F-N plots. It shows an approximate linear relation between ln(J/E 2 ) and 1/E. From the slope of the linear region, we can estimate the field enhancement factor, ȕ. The field emission measurement was carried out in a vacuum chamber at pressure of 10 -5 mBar at 300 K. In the present studies, the current density is defined as J=I/A where I is the measured emission current and A is the area of emitter. The applied field is defined as E=V/d where V is the applied potential and d is the separation between anode and cathode which was maintained at 150 ȝm throughout the measurement. The emission current density, J versus applied field, E characteristics was analyzed by the FowlerNordheim (F-N) equation 1 [17] :
RESULTS AND DISCUSSION
where J denotes the emission current density, ȕ represents the effective field enhancement factor; E refers to the applied field between the cathode and anode; ĳ refers to the work function (ZnO=5.3 eV); A and B are constant of (A= 1.56 x 10 -10 AV -2 eV, B= 6.83 x 10 9 V eV -3/2 ȝ/m). From current density versus electric field graph, it shows that the turn on field was almost similar for all samples which is estimated around 2.3 V/ȝm corresponded to the current density of 1 ȝAcm -2 . The turn-on field is lower as compared to the most reported values [18] [19] [20] . When electric field was raised to 4.3 V/ȝm, the maximum current densities were found to be at (a) 130 ȝA/cm 2 (b) 100
ȝA/cm 2 , where it reduces about 23 % from the previous temperature. When the synthesis temperature was at 950 o C, the maximum current density for this sample referring to the same electric field of 4.3V/ȝm, is (c) 60 ȝA/cm 2 approximately. It shows that when the temperature was reduced, the maximum current densities which can be achieved, reduces. In the linear region of F-N plot, the slope is given by Bĳ 3/2 /ȕ. Thus, for our samples, the enhancement factor, ȕ values for 950 o C is 5208, for 1000 o C is 6219 and 1050 o C is 7507. It can be seen that the factor increases with the increase of temperature. The three different temperatures give different values in ȕ, in which past research [21] [22] [23] showed that the field enhancement factors are most probably being influenced by several factors such as surface state, adsorption, the shape of nanowire tips and the screening effect. C, on the field electron emission has been discussed. With increase in the synthesis temperature, the diameter of the nanostructures also increases without changing its crystal structure. The FE characteristic on the other hand is stable at all temperatures and only showed increment in the current densities as the temperature increases. In addition, the increment in temperature also increases the enhancement factors value.
